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We examined effects of intake duration of anthocyanin-rich New Zealand blackcurrant (NZBC) 
extract on physiological and metabolic responses during moderate intensity walking. Healthy 
men (n=16, age: 24±6 years, body mass: 78±16 kg, BMI: 24.7±4.1 kg·m-2, body fat: 15±5%) 
volunteered. One metabolic equivalent (1-MET: 3.95±0.64 ml·kg-1·min-1) was measured during 
supine rest. Responses during the 30-min walk  (n=3: 4-MET; n=13: 5-MET) (speed: 5.7±0.7 
km·hr-1) were measured at 7-10, 17-20 and 27-30 min and averaged over the time periods. For 
intake conditions (7-days and 14-days), 2 capsules of NZBC extract (600 mg containing 210 mg 
of anthocyanins) were taken with breakfast (14-day washout). The final 2 capsules were ingested 
2-hr before the morning walk. Intake duration of NZBC extract had no effect on heart rate, 
minute ventilation, oxygen uptake, and carbon dioxide production. Fat oxidation was enhanced 
with 7- and 14-day intake by 11±19% and 17±26% (baseline: 0.36±0.12, 7-day: 0.39±0.13, 14-
day: 0.41±0.13 g·min-1, p=0.007). Only 14-day intake lowered RER (baseline: 0.852±0.046, 7-
day: 0.843±0.045, 14-day: 0.837±0.037, p=0.019) and carbohydrate oxidation (baseline: 
0.95±0.40, 7-day: 0.91±0.40, 14-day: 0.86±0.33 g·min-1, p=0.032). Rating of perceived exertion 
was lower with 7-day and 14-day intake (baseline: 11.0±2.3, 7-day: 10.5±1.8, 14-day: 10.3±2.1, 
p=0.002). Longer intake duration (i.e. 14 days) of  New Zealand blackcurrant extract seems to 
enhance fat oxidation more during a 30-min moderate intensity walk than 7 days intake. The 
intake duration of anthocyanin-rich New Zealand blackcurrant extract may be due to an 
enhanced bioavailability of anthocyanin-derived metabolites that alter the mechanisms for 
substrate oxidation during moderate intensity exercise. 
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Polyphenols are the most abundant phytochemicals present in the human diet and can be 
obtained by ingestion of fruits, vegetables, leaves, seeds and plant-based beverages such as 
coffee, tea and red wine (Scalbert et al. 2005). Polyphenols have antioxidant activity due to their 
ability to neutralize free radicals by being an electron or hydrogen atom donor (Apak et al. 
2004). In addition, polyphenols have anti-inflammatory effects and ability to promote gut health 
(Yang and Kortesniemi 2015). Therefore, polyphenols reduce the risk for diseases that are linked 
with oxidative stress and inflammation (e.g. some cancers, diabetes mellitus, cardiovascular, and 
neurodegenerative diseases) by reducing oxidative stress, low-density lipoprotein cholesterol 
oxidation, blood pressure, inflammatory markers and insulin resistance (Hooper et al. 2008; 
Yang and Kortesniemi 2015). Several thousand polyphenols have been identified and are divided 
into four major groups: flavonoids, stilbenes, lignans and phenolic acids, with the flavonoid 
anthocyanins providing berries with pink, red, blue or purple colors (Manach et al. 2004). The 
berry blackcurrant contains primarily anthocyanins, i.e. delphinidin-3-O-rutinoside, delphinidin-
3-O-glucoside, cyanidin-3-O-rutinoside, and cyanidin-3-O-glucoside (Kähkönen et al. 2003).  
Health benefits provided by polyphenol intake are associated with the anthocyanin 
content (Jennings et al. 2013; Lin et al. 2017; Mink et al. 2007). In addition, anthocyanin-rich 
foods have the potential to affect fat oxidation and obesity (Lee et al. 2016; Solverson et al. 
2018). Obesity is a global health problem characterized by excessive fat accumulation in the 




human body, it affects quality of life and increases overall mortality (Fontaine and Barofsky 
2001). In overweight and obese adults, Lee et al. (2016) observed that 8 weeks daily intake of 
2.5 g anthocyanin-rich black soybean extract (12.58 mg anthocyanins) decreased waist 
circumference, indicating a loss of abdominal fat. In addition, Solverson et al. (2018) observed in 
overweight and obese adults that 7-day daily intake of 600 g blackberry (1500 mg·day-1 
flavonoids) decreased the 24 h respiratory exchange ratio, indicating a 7% increase in fat 
oxidation at rest, and increased exercise-induced fat oxidation by 12% during 30-min of 
treadmill walking.  
Mechanisms for anthocyanin-induced fat oxidation were examined in rodent models. For 
example, Wu et al. (2013) observed in mice on a high-fat diet with anthocyanin-rich fruit juices 
(4.83 ml·day-1 blueberry and 4.56 ml·day-1 mulberry for 12 weeks) suppression of peroxisome 
proliferator-activated receptor γ (PPARγ) and fatty acid synthase expression and increase of 
carnitine palmitoyltransferase 1 expression. In addition, Benn et al. (2014) observed that mice 
fed with blackcurrant extract for 12 weeks had higher expression of PPARα, PPARδ, uncoupling 
protein 2 and 3 and mitochondrial transcription factor A. Mice fed with cyanidin and cyanidin-3-
glucoside) for 12 weeks had enhanced adiponectin and leptin secretion and 5’ adenosine 
monophosphate-activated protein kinase level (Tsuda et al. 2004). 
In humans, the effect of anthocyanin-rich blackcurrant extract made from New Zealand 
grown berries on exercise-induced fat oxidation has been examined with 7-day intake. Cook et 
al. (2015) observed a 27% increase in fat oxidation in trained male cyclists during 10-min 
cycling at 65% of maximum oxygen uptake (V̇O2max) with 7-day intake of New Zealand 
blackcurrant (NZBC) extract (105 mg·day-1 anthocyanin). In another study, 7-day dose effects of 
NZBC extract were investigated in male trained cyclists and 22% and 24% increased fat 




oxidation were observed during 120-min cycling at 65%V̇O2max for 210 and 315 mg·day
-1 
anthocyanin intake, respectively (Cook et al. 2017). This study protocol was partly replicated in 
endurance-trained females by Strauss et al. (2018) and an increase of 27% was observed for 
exercise-induced fat oxidation with intake of 210 mg·day-1 anthocyanin for 7 days. However, it 
is not known whether longer intake of NZBC extract would enhance the metabolic and 
physiological responses during exercise. After 30-min rowing exercise, 5 weeks daily intake of ~ 
240 mg New Zealand-derived blackcurrant extract enhanced the expression of immune factors 
and cellular anti-inflammatory/antioxidant responses, compared to an acute intake (Hurst et al. 
2020). Intake duration studies could provide insight on the bioavailability of the anthocyanin-
induced metabolites and the adaptive effects of intake of an anthocyanin-rich extract on exercise 
metabolism. In addition, intake duration studies could provide observations that will inform 
future dietary intake guidelines on anthocyanins. Kalt et al (2017) suggested that the handling of 
anthocyanin in humans changes between 7- and 14-day with daily intake of anthocyanin-rich 
blueberry juice. 
Therefore, the aim of the present study was to examine effects of 7-day and 14-day intake of 
NZBC extract on physiological and metabolic responses during moderate intensity walking. It 
was hypothesized that 14-day intake would lead to different substrate oxidation during moderate 
intensity exercise than 7-day intake. Moderate intensity walking is a popular activity among the 
general population for weight management and health benefits (Jakicic et al. 2001). In addition, 
moderate intensity physical activities are recommended by the World Health Organization and 
American College of Sports Medicine for weight loss and improvement of health status. 
 
 





Physically active healthy men (n=16, age: 24±6 years, body mass: 78±16 kg, height: 178±6 cm, 
BMI: 24.7±4.1 kg·m-2, body fat: 15±5%) volunteered and provided written informed consent. 
Initially, 18 participants volunteered but the study had one drop-out due to moving away and one 
for an unknown reason. Participants were nonsmokers, not having known allergy to berries or 
berry products and advised not to take other supplementation during the study. A randomised, 
cross-over experimental design was used for and ethical approval was obtained from the 
University of Chichester Research Ethics Committee (ethical approval code: 1718_34) with 
protocols and procedures conformed to the 2013 Declaration of Helsinki. Participants had four 
morning laboratory visits. Before each visit, participants were instructed to refrain from caffeine 
and alcohol intake for 24 hours and abstain from strenuous exercise for 48 hours.  
 
Preliminary visit 
In the first visit, height, body mass, and body composition (Tanita BC418 Segmental Body 
Composition analyzer, Tanita, IL, USA) were measured. A food frequency questionnaire with 
anthocyanin-containing foods and drinks listed in the Phenol Explorer data-base (Neveu et al. 
2010) was completed by participants to estimate daily anthocyanin intake (82±73 mg 
anthocyanins·day-1). Participant’s physical activity level was quantified with the short version of 
the International Physical Activity Questionnaire (Lee et al. 2001) (4385±1635 MET· week-1).   
After being seated in a chair for 10 min, participants were asked to lie horizontally on a 
massage table for resting measurements. Expired air was collected with Douglas bags, two times 
for 10 min, and the lowest oxygen uptake (V̇O2) was taken as the one-metabolic equivalent (1-
MET: 3.95±0.64 ml·kg-1·min-1). Subsequently, participants performed an incremental walking 




protocol on a treadmill (HP Cosmos Pulsar Bodycare Products UK) at speeds of 2, 3, 4, 5, and 6 
km·hr-1, each speed for 8 minutes with a 2-min break between each speed. Expired air was 
collected in the last 3 min of each speed. The incremental walking test was performed to 
calculate the linear relationship between walking speed and oxygen uptake to determine the 
participant’s speeds for moderate intensity exercise (i.e. 4- or 5 METs). Participants who felt 
more comfortable with jogging at the 5-MET treadmill speed were allowed to perform the 30-
min treadmill walk (see below for details) at 4-MET in order to ensure that walking was for all 
participants the exercise modality of the study.  
 
Visits for the 30-min moderate intensity walking exercise 
Subsequently, participants visited the laboratory for 3 experimental conditions: baseline (no 
supplementation), 7-day intake of NZBC extract and 14-day intake of NZBC extract. For the 7-
day and 14-day intake conditions, two capsules of NZBC extract (600 mg containing 210 mg of 
anthocyanins, i.e. 35–50% delphinidin-3-O-rutinoside, 5–20% delphinidin-3-O-glucoside, 30–
45% cyanidin-3-O-rutinoside, 3–10% cyanidin-3-O-glucoside) (CurraNZ, Health Currancy Ltd., 
Surrey, UK) were consumed every morning with breakfast. Participants consumed the last 2 
capsules two hours before the experimental visits and had one slice of bread and water 3 hours 
before the visits. A 14-day washout period was applied between each visit (Alvarez-Suarez et al. 
2014). No side-effects from the intake of NZBC extract were noted. Also, participants recorded a 
48 h food diary before the first experimental visit and were advised to replicate nutritional intake 
for the 48 h prior to the remaining two visits. Food diaries were analysed using Nutritics 
(Nutritics LTD., Dublin, Ireland) for carbohydrate, fat, protein, and total energy intake.  




The experimental protocol consisted of 30 min of moderate intensity walking on the 
treadmill at a speed of 4 (n=3) or 5 (n=13) METs (speed: 5.7±0.7 km·hr-1). For each participant, 
the walking speed for the 30-min treadmill walk was the same in each condition. Expired air was 
collected from 7 to 10, 17 to 20 and 27 to 30 minutes. In addition, heart rate (Polar Vantage NV 
Polar Electro Oy Kempele Finland) and rating of perceived exertion (15-point Borg scale) were 
recorded for these three stages. Expired air was analyzed with a three-point calibrated Servomex 
gas analyser (Series 1400, Crowborough, UK) and volume measured (Harvard Apparatus Ltd. 
Dry gas meter). Gas volumes were calculated using the Haldane transformation and 
standardization to STPD conditions with consideration of inspired fractions of oxygen and 
carbon dioxide in the laboratory during expired air collection. Respiratory exchange ratio (i.e. 
RER) was calculated as the ratio between the carbon dioxide produced and oxygen consumed. 
Rates of whole-body fat and carbohydrate oxidation during walking were calculated with 
equations from Jeukendrup and Wallis (2005), respectively, with the assumption of negligible 
protein oxidation. 
Statistical analyses were completed using Graphpad Prism 5 for Windows. Responses 
during moderate intensity walking exercise were measured at 7-10, 17-20 and 27-30 min and 
averaged over the time periods. Normality was checked with a D’Agostino and Pearson omnibus 
normality test. Physiological and metabolic parameters for the three experimental conditions (i.e. 
baseline, 7-day and 14-day) during moderate intensity walking exercise were analysed using a 
one-way repeated measures ANOVA with post-hoc student t-tests. For significant changes, 
Cohen’s d effect sizes were calculated and considered trivial (d<0.2), small (d=0.2-0.39), 
moderate (d=0.4-0.69) and large (d≥0.7), respectively. The sample size of 16 participants was 
higher or similar to previous studies with observations of effect of NZBC extract on exercise-




induced fat oxidation [Cook et al. 2015 (n=14); 2017 (n=15), Strauss et al. 2018 (n=16)]. Data 
are reported as mean±SD and 95% confidence intervals. Significance was accepted at p<0.05. 
 
Results  
Dietary and energy intake 
Table 1 provides the dietary and total energy intake (mean±SD) 48 hr before each 
experimental visit. There were no differences between conditions for absolute intake of 
carbohydrate (p=0.53), fat (p=0.80), and protein (p=0.25) (carbohydrate: baseline 95% CI [372, 
487 g], 7-days 95% CI [365, 488 g], 14-days 95% CI [364, 478 g]; fat: baseline 95% CI [131, 
203 g], 7-days 95% CI [131, 204 g], 14-days 95% CI [128, 201 g]; protein: baseline 95% CI 
[203, 295 g], 7-days 95% CI [208, 291 g], 14-days 95% CI [197, 286 g]) and intake relative to 
body mass (carbohydrate: baseline 95% CI [4.74, 6.67 g·kg body mass-1], 7-days 95% CI [4.66, 
6.62 g·kg body mass-1], 14-days 95% [4.64, 6.50 g·kg body mass-1]; fat: baseline 95% CI [1.75, 
2.52 g·kg body mass-1], 7-days 95% CI [1.74, 2.53 g·kg body mass-1], 14-days 95% [1.70, 2.51 
g·kg body mass-1]; protein: baseline 95% CI [2.62, 3.86 g·kg body mass-1], 7-days 95% CI [2.70, 
3.76 g·kg body mass-1], 14-days 95% [2.55, 3.74 g·kg body mass-1]). There were also no 
differences between conditions for total energy intake and the mean±SD of total energy intake 
are presented in Table 1. 
 
Moderate intensity walking exercise: Physiological and metabolic responses 
During 30-min of moderate intensity walking exercise, the 7-day and 14-day intake of 
NZBC extract had no effect on heart rate (baseline: 101±17, 95% CI [92, 111 beats·min-1]; 7-
day: 102±17, 95% CI [93, 111 beats·min-1]; 14-day: 101±18, 95% CI [91, 111 beats·min-1], 




p=0.87), minute ventilation (baseline: 30.4±5.8, 95% [27.3, 33.5 L·min-1]; 7-day: 30.8±6.3, 95% 
CI [27.4, 34.2 L·min-1]; 14-day: 30.8±6.5, 95% CI [27.4, 34.3 L·min-1], p=0.59), oxygen uptake 
(baseline: 1.50±0.30, 95% CI [1.33, 1.66 L·min-1]; 7-day: 1.52±0.32, 95% CI [1.35, 1.69 L·min-
1]; 14-day: 1.51±0.34, 95% CI [1.33, 1.69 L·min-1], p=0.57), carbon dioxide production 
(baseline: 1.28±0.29, 95% CI [1.13, 1.43 L·min-1]; 7-day: 1.29±0.30, 95% CI [1.13, 1.45 L·min-
1]; 14-day: 1.27±0.30, 95% CI [1.11, 1.43 L·min-1], p=0.64), and energy expenditure (baseline: 
7.40±1.51, 95% CI [6.59, 8.20 kcal·min-1]; 7-day: 7.51±1.59, 95% CI [6.66, 8.36 kcal·min-1]; 
14-day: 7.45±1.67, 95% CI [6.56, 8.34 kcal·min-1], p=0.59). 
Exercise-induced fat oxidation during moderate intensity walking exercise was increased 
with 7-day and 14-day NZBC intake by 11±19% (95% CI [0.0, 21%], d=0.24) and 17±26% 
(95% CI [2, 30%], d=0.38), respectively. Exercise-induced fat oxidation values for baseline, 7-
days and 14-days were 0.36±0.12 g·min-1 (95% CI [0.30, 0.42 g·min-1]), 0.39±0.13 (95% CI 
[0.32, 0.46 g·min-1]), and 0.41±0.13 (95% CI [0.34, 0.48 g·min-1]) (one-way ANOVA: p=0.007) 
(Fig. 1a). Compared to baseline, 11 (69%) and 13 (81%) of the participants had higher values of 
exercise-induced fat oxidation with 7-day and 14-day intake of NZBC extract, but the mean 
responses for fat oxidation at 7-day and 14-day were not different. However, ten participants 
(63%) had higher values of exercise-induced fat oxidation with 14-day intake compared to 7-day 
intake of NZBC extract.  
Only 14-day intake of NZBC extract resulted in decreased exercise-induced carbohydrate 
oxidation by 9±13% (95% CI [-15, -1%], d=-0.27) (one-way ANOVA: p=0.032) (Fig. 1b), with 
12 participants having lower values compared to baseline. The exercise-induced carbohydrate 
oxidation values for baseline, 7-days and 14-days were 0.95±0.40 (95% CI [0.74, 1.17 g·min-1]), 
0.91±0.40 (95% [0.70, 1.13 g·min-1]), and 0.86±0.33 (95% CI [0.68, 1.03 g·min-1]). In addition, 




only 14-day intake of NZBC extract provided lower RER by 0.016 units (baseline: 0.852±0.046 
(95% CI [0.827, 0.876], 7-day: 0.843±0.045 (95% CI [0.819, 0.867], 14-day: 0.837±0.037 (95% 
CI [0.817, 0.857], one-way ANOVA: p=0.019) (d=-0.35) (Fig. 1c) compared to baseline during 
moderate intensity walking exercise, with 12 participants (75%) having lower RER values at 14-
days compared to baseline.  
Rating of perceived exertion was lower with 7-day and 14-day NZBC intake (baseline: 
11.0±2.3 (95% CI [9.9 to 12.2], 7-day: 10.5±1.8 (95% CI [9.6, 11.4], 14-day: 10.3±2.1 (95% CI 
[9.2, 11.3], one-way ANOVA: p=0.002) during moderate intensity walking exercise (Fig. 1d). 
 
Discussion 
This is the first study that examined the effects of intake duration of an anthocyanin-rich 
berry extract made from New Zealand blackcurrant on the physiological and metabolic responses 
during moderate-intensity exercise. The main findings from this study are:1) enhanced fat 
oxidation with 7- and 14-day intake of NZBC extract during 30-min of moderate intensity 
walking exercise with small effect size, 2) reduced perceived exertion with 7-day and 14-day 
intake of NZBC extract during 30-min of moderate intensity walking exercise, 3) NZBC extract 
is more effective to alter metabolic responses with 14-day intake than 7-day intake during 30-
min moderate intensity walking exercise, as it lowered RER and carbohydrate oxidation, albeit 
with small effect size. The different metabolic responses with 14-day intake of NZBC extract 
during moderate intensity exercise compared to 7-day intake indicates that the effects of NZBC 
extract on metabolic responses are not just due to the final intake of NZBC extract on the day of 
testing. In other words, if the 6-days preloading (in the 7-day condition) and 13-days preloading 
(in the 14-day condition) was not able to cause any metabolic adaptation, then the metabolic 




responses in both conditions would have been expected to be similar and due to the final intake 
of NZBC extract on the day of testing, but that was not the case.    
In previous studies with 7-day intake of NZBC extract, exercise-induced fat oxidation 
was enhanced in endurance trained male and female cyclists with 10-min cycling bouts at 
different intensities (Cook et al. 2015), and 2 hr of cycling at 65%V̇O2max (Cook et al. 2017; 
Strauss et al. 2018). Increasing fat oxidation during exercise may be a nutritional ergogenic 
strategy to affect exercise performance. However, the present study employed an exercise 
modality with a moderate exercise intensity (i.e. between 3 and 6 METs) that is used by the 
general population to obtain health benefits (Jakicic et al. 2001). Our observation of enhanced fat 
oxidation during 30-min moderate intensity walking exercise with 7-day and 14-day NZBC 
extract by 11% and 17%, respectively, may have applications for those that exercise to manage 
body weight and get health benefits. However, the implication of enhanced exercise-induced fat 
oxidation with intake of NZBC extract should not be overstated. In Cook et al. (2015), 7-days 
NZBC extract increased fat oxidation by 15%, 13% and 27% at 45%, 55% and 65%V̇O2max 
during cycling with heart rates of 106±11, 118±13 and 132±15 beats·min-1, respectively. In the 
present study, 7-days NZBC intake increased fat oxidation by 11% during moderate intensity 
walking exercise and a heart rate of 102±17 beats·min-1. This may indicate that the effect of 
NZBC intake extract on exercise-induced fat oxidation may depend on the type of exercise. In 
support of this is the observation that running and cycling at the same relative intensity can have 
a different effect on fat oxidation according to a different muscle mass being involved in the 
exercise (Cheneviere et al. 2010). Future studies should examine whether there is a relationship 
between exercise intensity and exercise modality on the effects of NZBC extract on exercise-
induced fat oxidation. 




In general, optimal intake of supplements needs consideration of the timing, dose, and intake 
duration (Naderi et al. 2016). The optimal intake strategy for New Zealand blackcurrant extract 
to affect exercise-induced substrate oxidation is not known. Only a few studies examined the 
effects of intake duration of polyphenols on fat oxidation and body composition (Harada et al. 
2005; Kobayashi et al. 2016; Urbina et al. 2017). High (593 mg·day-1) and low (78 mg·day-1) 
dose tea catechin beverages were consumed for 12-weeks by healthy males with observations of 
8 hr postprandial dietary fat oxidation at 4, 8 and 12-weeks (Harada et al. 2005). Postprandial 
dietary fat oxidation increased continuously throughout the test period with the high dose of 
catechins and was the highest at the 12-week time-point. Moreover, Kobayashi et al. (2016) 
observed that intake for 12-weeks of catechins-enriched green tea beverage (280 mg·day-1) 
decreased visceral, subcutaneous and total fat areas in moderately obese adults at 8 and 12-week 
intake compared to control with no differences between 8 and 12-week intake. In another study, 
capsaicinoid supplementation (2 and 4 mg·day-1) had no effect on body composition after the 6 
and 12-week intervention (Urbina et al. 2017). Future studies should address whether long intake 
duration (i.e. 3 months or longer) of effective short-term acting anthocyanin-rich products with 
known affect on exercise-induced fat oxidation can alter fat oxidation at rest, body composition 
and postprandial substrate oxidation. In addition, information is needed on the tissue availability 
of anthocyanins and the bioavailability of anthocyanin-derived metabolites, as it is likely that 
both can affect the long-term intake effects on exercise-induced metabolic responses.   
In animal models, anthocyanin-rich foods increase fat oxidation via a combination of 
different mechanisms and are linked with gene, enzyme and transcription factor expressions that 
regulate energy and fat metabolism. In the present study, we used the indirect calorimetry 
method to quantify substrate oxidation and did not examine potential causal mechanisms for fat 




and energy metabolism. However, Strauss at al. (2018) observed that 7-day intake of NZBC 
extract increased plasma non-esterified fatty acids and glycerol concentrations, at least at rest. 
Therefore, it is possible that the 14-day intake of anthocyanin-rich NZBC extract may have a 
higher effect on lipolysis than 7-day intake. It is possible that the present study had not enough 
power to show higher values for whole-body fat oxidation in the 14-day intake condition 
compared to the 7-day intake condition. However, it is likely though that the decrease in 
carbohydrate oxidation combined with a lowering of the RER in the 14-day condition was due to 
combined effects of an increase in lipolysis and metabolic handling of fatty acids in the muscle, 
reducing the contribution of carbohydrate oxidation in meeting the energy demands of the 
moderate intensity exercise. Future work is needed on even longer duration intake of NZBC 
extract combined with an analysis of hormonal responses and bioavailability of anthocyanin-
derived plasma metabolites. It is worth noting also that substrate oxidation cannot be affected by 
bias, and a double-blind design was therefore not required. Because the present study was not 
double-blind, caution is required to interpret the RPE observations. However, it is interesting that 
the perceived exertion score during a self-motivated treadmill walk tended to be lower with 
intake of New Zealand blackcurrant juice in a double-blind design (Lomiwes et al. 2019). 
A limitation of the present study was that participants recorded 48 h food diary before the 
first experimental visit and replicated for the following visits instead of having a standard similar 
diet a few days before experimental visit. Polyphenols may interact with other phytochemicals or 
nutrients synergistically or antagonistically and affect the bioavailability of anthocyanin-derived 
metabolites that are potential linked with adaptative mechanisms. For instance, Serra et al. 
(2010) observed that carbohydrate-rich food can repress the absorption of procyanidins. 
Therefore, it is possible that individual differences for physiological and metabolic responses to 




the NZBC extract may be due to variations in their normal diet and affecting the bioavailability 
of anthocyanins and anthocyanin-derived metabolites. However, variation in responses due to 
intake of a nutritional supplement is common (Burke 2017). Another limitation is that the 
habitual physical activity was not controlled in the present study and an acute exercise bout may 
affect the translocation of gut-derived phenolics by flavonoid intake into the circulation (Nieman 
et al. 2018). 
 
Conclusions 
7-day and 14-day NZBC extract intake enhanced fat oxidation during 30-min of moderate 
intensity walking exercise. In addition, 14-day NZBC extract intake is more effective than 7-day 
intake for metabolic responses during 30-min moderate intensity walking exercise. Intake 
duration of anthocyanin-rich supplementation may affect the build-up of plasma and tissue 
anthocyanin-derived metabolites over time with gradual effect on the mechanisms that alter 
exercise-induced substrate oxidation. However, the intake duration of anthocyanin-rich 
blackcurrant that will maximize exercise-induced fat oxidation is not known. 
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Figure 1. Fat oxidation (a), carbohydrate oxidation (b), respiratory exchange ratio (c), and rating 
of perceived exertion (d) during 30-min of moderate intensity walking exercise. Data reported as 
mean ± SD from 16 participants. 7-day and 14-day refers to the intake duration of New Zealand 
blackcurrant extract. RER, respiratory exchange ratio; RPE, rating of perceived exertion. * 























Table 1. Dietary intake 48 h before each experimental visit of 30-min moderate intensity 
exercise. NZBC, New Zealand blackcurrant. 
  Baseline     7-day NZBC 
    extract intake 
 14-day NZBC 
  extract intake 
Carbohydrate (g) 
(g ∙ kg body mass-1) 
  430 ± 107  426 ± 116   421 ± 107 
            5.7 ± 1.8   5.6 ± 1.8   5.6 ± 1.8 
Fat (g) 
(g ∙ kg body mass-1) 
167 ± 67  167 ± 69   164 ± 69 
  2.1 ± 0.7    2.1 ± 0.7     2.1 ± 0.8 
Protein (g) 
(g ∙ kg body mass-1) 
249 ± 86   249 ± 78   241 ± 84 
  3.2 ± 1.2     3.2 ± 1.0     3.1 ± 1.1 
Total energy intake (kcal) 
(kcal ∙ kg body mass-1) 
4210 ± 928   4207 ± 992   4091 ± 974 
  55 ± 13     55 ± 13     53 ± 13 
Total energy intake (kJ) 
(kJ ∙ kg body mass-1) 
17615 ± 3882   17602±4150   17117 ± 4076 
230 ± 53   229±55   223 ± 53 
 
 
 
 
